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A B S T R A C T   

Seeing the global emergence and the lack of a definitive cure for COVID-19, it is essential to find the most 
sensitive and specific detection method to identify infected patients in a timely manner. 

Our paper aims to compare the clinical sensitivity of different commercial RT-qPCR (Genesig, 1copy, DNA- 
Techonolgy and Charité primer-probe sets), isothermal PCR (Ustar Isothermal Amplification-Real Time Fluo
rescent Assay) and immunochromatographic antigen detection (BIOCREDIT COVID-19 Ag) assays developed to 
use in laboratory diagnosis of COVID-19. 

A total of 119 nasopharyngeal swab specimens were collected from symptomatic patients. A subset of samples, 
positive with two RT-qPCR assays were then tested with isothermal PCR and rapid antigen tests. 

Of the 119 specimens, 65 were positive by at least two PCR assays. All PCR assays showed substantial or 
perfect match, although some variations in the clinical performance was observed. Of the 37 and 32 remnant 
nasopharyngeal samples positive by RT-qPCR, respectively, three were positive by the BIOCREDIT COVID-19 Ag 
and 14 were detected by the isothermal amplification assay. 

In conclusion, in the clinical settings we recorded that each of the RT-qPCR assays was superior to other test 
formats, in particular, the routine use of the DNA-technology assay is recommended. Although alternative rec
ommendations exist, we belive that the use of isothermal amplifiaction assays and antigen rapid tests for COVID- 
19 diagnosis can only serve as adjuncts while awaiting the PCR result because of their high false-negative rate.   

1. Introduction 

At the end of 2019, a novel coronavirus (severe acute respiratory 
syndrome coronavirus-2, SARS-CoV-2), the causative agent of the 
Coronavirus Disease 2019 (COVID-19) outbreak, emerged from Wuhan, 
China (Zhou et al., 2020). As of 25 March 2021, the SARS-CoV-2 has 
been confirmed in more than 120 million cases and has been responsible 
for ~ 2,7 million deaths (ECDC, 2020). As a result, the rapid spread of 
the virus has placed a great burden on the healthcare system globally 
(Nicola et al., 2020). 

Despite intensive research, a definite cure for COVID-19 is still an 
unmet clinical need. Therefore, the key to controlling the pandemic 
currently lies in early diagnosis, supportive treatment and the isolation 

of infected patients and their contacts, necessitating an accurate and fast 
diagnosis of SARS-CoV-2 (Cascella M and Cuomo, 2021). In the labo
ratory diagnosis of SARS-CoV-2, reverse transcriptase real-time PCR 
(RT-qPCR) has played a pivotal role (Lau et al., 2005). Since the start of 
the COVID-19 outbreak, various RT-qPCR assays have been developed 
and made available on the market (finddx.org, 2020). 

SARS-CoV-2 is an enveloped, positive-stranded RNA virus that be
longs to the genus Betacoronavirus in the Coronaviridae family (Venter 
and Richter, 2020). Its extraordinarily large genome encodes 16 
non-structural proteins, including the RNA-dependent RNA polymerase 
(RdRp) from an open reading frame termed ORF1a/b at the 5′ end of the 
viral genome, as well as structural proteins, including the Spike (S), 
Envelope (E) and Nucleocapsid (N) encoded by ORFs at the 3′ end (Su 
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et al., 2016). In the laboratory diagnosis of SARS-CoV-2, RT-qPCR assays 
most frequently target the RdRp, E, N and S genes (van Kasteren et al., 
2020). For example, both 1copy and the Charité protocol targets the E 
and RdRp genes, DNA-technology targets the SARS like coronaviruses 
sequence, the N and E genes, while according to the manufacturer, the 
Genesig assay primer/probe is specific for the SARS-CoV-2 (the manu
facturer has not made the target gene public). 

In consequence of many countries going into lockdown, a great 
shortage in the supply of SARS-CoV-2 RT-qPCR assay kits have occurred, 
forcing many laboratories to use different RT-qPCR assays that are 
acutely available on the market. Moreover, with the escalation of the 
pandemic, manufacturers have been rushed to develop more rapid 
detection assays, such as lateral flow assays, as well as isothermal 
amplification assays. However, in comparison to the amount of assays 
available on the market, the number of studies comparing their clinical 
performance are scarce. Therefore, in the present paper, we provide a 
comparison of four widely used RT-qPCR assays, an immunochroma
tographic rapid detection assay and an isothermal cross priming 
amplification (ICPA) assay, each developed to use in the acute diagnosis 
of SARS-CoV-2 infection 

2. Materials and methods 

2.1. Sample collection and handling 

Nasopharyngeal swabs were collected from patients that were 
admitted to hospital with presumable SARS-CoV-2 infection between 
April and July of 2020 Hungary. Nasopharyngeal swabs were immersed 
into viral transport medium (VTM) immediately after sample collection. 
Samples were stored at 4 ◦C until testing. 

2.2. Nucleic acid extraction 

Total nucleic acid was extracted from VTM using the Ribo-Virus Viral 
RNA/DNA extraction kit (Sacace Biotechnologies, Como, Italy) accord
ing to the manufacturer’s instructions. Aliquoted nucleic acid and re
sidual samples were stored at -70 C◦ until further testing with RT-qPCR 
tests. All samples were tested after one initial freeze-thaw cycle. 
Commercially available PCR assays were performed according to the 
manufacturers’ instruction using the Quantstudio 5 Real-Time PCR 
System (Thermo Fisher Scientific, Waltham, United States) 

2.3. Genesig coronavirus (COVID-19) real-time PCR 

Testing samples with the Genesig COVID-19 assay was carried out 
according to the manufacturer’s instructions. The reaction mix consists 
of 12 μL master mix and 8 μL extracted nucleic acid. The assay detects a 
specific, however, unnamed segment of the SARS-CoV-2 RNA using a 
hydrolysis probe system, labelled with the FAM fluorophore. According 
to the the product’s manual, the limit of detection (LoD) value of the kit 
is 0.58 copies/μL. The kit utilizes an internal control, which should be 
added during nucleic acid extraction. 

2.4. 1copy COVID-19 qPCR multi kit 

This simplex assay detects the non-SARS-CoV-2 specific E gene and 
the SARS-CoV-2 specific RdRp gene of the SARS-CoV-2 virus, in separate 
reactions/separate master mixes. The reaction mix consists of 15 μL 
master mix and 5 μL template. According to the user manual, the LoD 
value of the kit is 200 copies/mL (= 0.2 copies/μL). 

2.5. DNA-technology SARS-CoV-2 multiplex real-time PCR detection kit 

The assay detects different genome segments, including the “SARS- 
CoV-like Coronaviruses” gene, the E gene and the N gene of SARS-CoV-2. 
The reaction mix utilizes 10 μL template and 15 μL master mix. The 

detection limit of the kit is 10 copies per 25 μL reaction mix (= 0.4 
copies/μL). 

2.6. Charité (Universitätsmedizin berlin institute of virology, Germany) 
primer-probe sets 

In our comparison, we adapted the Charité protocol, which was 
published on 17 January 2020 (Christian Drosten et al., 2020). We used 
the E_Sarbeco_F1 and E_Sarbeco_R2 primers with the E_Sarbeco_P1 
probe for the detection of the E gene, and the RdRP_SARSr-F2 and 
RdRP_SARSr-R1 primers with the RdRP_SARSr-P2 probe for detection of 
the RdRp gene. All primers and probes were used at the concentrations 
recommended by the protocol. For the PCR reactions, we used the 
GoTaq® Probe 1-Step RT-qPCR System (Promega Corporation, 2800 
Woods Hollow Road, Madison, U.S.). 

2.7. Isothermal amplification-real time fluorescent assay 

The Novel-Coronavirus (2019-nCoV) RNA Diagnostic Kit, and the 
fully automated nucleic acid analysis platform (Ustar Biotechnologies 
Ltd. Hangzhou, Zhejiang, China) This kit utilizes cartridges that are 
equipped with multiple hydrophobic separation layers to isolate the 
lysate, the cleaning solution and the reaction solution in the cartridge. 
Briefly, following thorough vortexing, 1000 μL of the magnetic bead 
solution and 500 μL of the sample (from either viral transport medium or 
sputum) is pipetted into the cartridge. Thus, the assay requires minimal 
hands-on time. The reaction time is 79 min, and the instrument is 
capable of running 2 separate samples at the same time. The kit uses 
Crossing Priming Amplification (CPA) (Xu et al., 2012) to detect the 
ORF1ab and the N gene sequences of the SARS-CoV-2. 

2.8. Antigen assay 

BIOCREDIT COVID 19 Ag test is an immunochromatographic rapid 
test developed for the rapid detection of SARS-CoV2. Sample processing 
was carried out according to the manufacturer instructions. Briefly, 
following vortexing of the VTM, 100 μL of the sample was added directly 
into the assay’s lysis buffer and the mixture was homogenized. The as
say’s dilution tube was sealed securely with a filter cap and 3–4 drops of 
the reagent was added into the sample well of the device. Results were 
interpreted following a 15 min incubation. 

2.9. Interpretation of results 

All results were interpreted based on the manufacturers’ in
structions. Samples positive for only one specific SARS CoV-2 gene were 
considered marginal. Here, marginal samples were interpreted as 
negative results. 

2.10. Evaluation of workflow 

Workflow was evaluated by using stopwatches to measure the time 
needed for each performed step of the assay. Hands-on time (HoT) and 
assay runtime were determined. The parameters were calculated based 
on the throughput of samples per run. 

2.11. Statistical methods 

Samples that were positive by at least two of the four PCR diagnostic 
assays were deemed PCR-positive. Positive percentage agreement (PPA), 
negative percentage agreement (NPA), Kappa values, linear regression 
and PCR efficiency, were calculated using GraphPad Prism 8. Agreement 
between various kits were characterized by Cohen’ kappa values, and 
were categorized as almost-perfect (>0.90), strong (0.80 to 0.90), 
moderate 180 (0.60 to 0.79), weak (0.40 to 0.59), minimal (0.21 to 
0.39), or none (0 to 0.20) (Landis and Koch, 1977). 
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3. Results 

3.1. Genesig coronavirus (COVID-19) real-time PCR 

Among the 119 tested samples, 64 were identified as positive by the 
Genesig Coronavirus (COVID-19) Real-time PCR. The Ct values varied 
between 16.21 and 39.9, with a mean Ct value of 28.9. 

3.2. 1copy COVID-19 qPCR multi kit 

Among the 119 tested samples, 59 were positive with this assay. The 
Ct values varied between 12.8 and 37.66, with a mean Ct value of 28.43 
for the E gene, and varied between 12.14 and 39.94 with a mean Ct 
value of 30.07 for the RdRp gene. 

3.3. DNA-technology SARS-CoV-2 multiplex real-time PCR detection kit 

Out of the 119 tested samples, the DNA-Technology SARS-CoV-2 
Multiplex real-time PCR Detection Kit identified 60 as positive. The Ct 
values for the SARS like Coronaviruses specific probe, for the N gene and 
the E gene varied between 13.28 and 41.46 (mean: 32.00); 17.6 and 
42.7 (mean: 32.33); 18.3 and 43.00 (mean: 32.20), respectively. 

3.4. Charité (Universitätsmedizin berlin institute of virology, Germany) 
primer-probe sets 

Of the 119 samples, 31 were positive with the Charité primer probe 
set. The Ct values ranged from 17.70 to 39.30 (mean: 28.76) for the E 
gene, and from 18.9–37.1 (mean: 28.48) for the RdRp gene. The results 
of each PCR kit, their positive percentage agreement and negative per
centage agreement values are shown in Table 1. Kappa values between 
the different PCR assays are highlighted in Table 2. Further details of the 
positive samples using the different PCR assays can be seen on Figs. 1 
and 2. 

3.5. Antigen testing 

To assess the sensitivity and reliability of the BIOCREDIT COVID-19 
Ag test in comparison to RT-qPCR, of the 65 PCR positive samples, we 
randomly selected 37 samples. Of the 37 PCR-positive samples, 3 (8.11 
%) were identified as positive with the rapid antigen test. 

3.6. Isothermal amplification 

Additionally, we also evaluated the clinical sensitivity of a PCR 
assay, which is based on isothermal amplification. An Ustar Isothermal 
Amplification-Real Time Fluorescent Assay was carried out with 32 
samples, which were previously deemed positive with at least 2 PCR kits 
out of the 4. Among the 32 samples, 14 (43.75 %) were detected by the 
ICPA assay as positive. 

3.7. Workflow evaluation 

In the clinical decision making, it is particularly important to receive 
accurate and fast diagnosis. Therefore, workflow was determined based 
on the assessment of HoT, and the assay runtime for each assay 
compared in the paper. Summary of the workflow results are shown in 
Table 3. Of the RT-qPCR assays, 1copy had both the longest HoT, fol
lowed by the the rest of the assays, which had a comparable values. All 
the assays had a similar runtime with an average of 90 min. (Table 3) 

4. Discussion 

Here we demonstrate a comparison of four RT-qPCR assays used in 
the detection of SARS-CoV-2. Additionally, samples that were positive 
based on two commercially available assays were further tested with 
two point-of care tests (POCTs): an immunochromatographic, lateral 
flow-based antigen rapid test and an ICPA assay. 

With the escalation of the pandemic, authorities were forced to grant 
emergency use authorization (EUA) to RT-qPCR detection assays with a 
limited number of experiments required; thus, their sensitivity and 
specificity might be questionable (FDA, 2020). Our data suggest that 
there was discordance between the four PCR methods, as the kappa 
values varied notably between the different assays. The highest kappa 
value (0.865) yielded between Genesig and DNA-technology, the lowest 
(0.4) was seen between 1copy and the Charité protocol. The clinical 
performance also showed a variation between the different assays. The 
Genesig assay had the highest sensitivity (PPA: 98.46 %, NPA: 98.15 %), 
while the Charité protocol had the lowest performance (PPA: 47.69 %, 
NPA: 100 %), missing 34 positive samples out of 65. Both 1copy (PPA: 
90.77 %, NPA: 90.74 %) and DNA-Technology (PPA: 92.31 %, NPA: 
98.15 %) have acceptable analytical sensitivity for SARS-CoV-2, with 6 
and 5 missed positive samples, respectively. Ideally, RT-qPCR assays 
used for the laboratory detection of SARS-CoV-2 should have, firstly, a 
high PPA value; secondly, a high NPA value; and finally, should require 
a short period of time for detection. However, integrating all these pa
rameters into one assay is challenging. Assays with the highest number 
of detected positive samples should be used for diagnostic purposes 
since it has previously been highlighted that a significant number of 
false-negative results occur by the use of RT-qPCR assays (Suo et al., 
2020). The average basic reproduction number (R0) of the SARS-CoV-2 
was previously estimated to be 2.2; therefore, false-negative results are 
especially concerning, as it may be a driver of the pandemic (Zhen et al., 
2020). 

Interestingly, one of the first protocols published was the Charité 
(Universitätsmedizin Berlin Institute of Virology) primer-probe sets, 
which had the lowest sensitivity in our experimental settings. This poor 
performance may be due to a mutation in the site where primers bind 
and initiate amplification, as it has been previously demonstrated by 

Table 1 
Clinical performance of the compared four PCR kits.  

Molecular assay 
Final result1 

PPA NPA 
Positive Negative 

Charité 
Positive 31 0 

47.69 % 100 % Negative 34 54 

1copy Positive 59 5 90.77 % 90.74 % 
Negative 6 49 

Genesig Positive 64 1 98.46 % 98.15 % 
Negative 1 53 

DNA Technology 
Positive 60 1 

92.31 % 98.15 % Negative 5 53  

1 The final result of a sample was positive when at least two of the four kits 
yielded a positive result. 

Table 2 
Inter-rater agreement defined by Cohen’s kappa values.   

Genesig 1Copy DNA- 
Technology 

Charité 

Genesig – 

κ = 0.795 κ = 0865 κ = 0453 

St. error 0.056 
St. error =
0046 

St. error =
0066 

CI =
0.685− 0.905 

CI =
0,775− 0,995 

CI =
0,323− 0,583 

1Copy – – 

κ = 0714 κ = 0,4 
St. error =
0064 

St. error =
0069 

CI =
0,588− 0,840 

CI =
0,264− 0,536 

DNA- 
Technology – – – 

κ = 0469 
St. error = 007 
CI =
0,332− 0,605  
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Artesi et. al that a C to U transition in the E gene of the SARS-CoV-2 
resulted in the failure of the Cobas SARS-CoV-2 assay identifying the 
gene (Artesi et al., 2020). Moreover, at the time when these 
primer-probes were published, a relatively small number of complete 
genome sequences were available, making the designing more difficult. 
In line with these findings, PCR assays that screen more SARS-CoV-2 
genes should be preferred, as similar mutations may decrease the 
sensitivity of detection assays, increasing the number of false negative 
results. Therefore, the routine monitoring of SARS-CoV-2 for mutations 
that may adversely affect PCR assays is recommended. 

Regarding HoT and assay runtimes, all RT-qPCR assays had similar 
HoT except for 1copy (Table 3). In the case of 1copy, PCR setup requires 
two distinct PCR tubes, as the master mix is singleplex and the E and 
RdRp genes are detected in separate PCR tubes, almost doubling HoT. 

According to the manual of the kits, DNA Technology screens the 
highest number of SARS-CoV-2 specific genes. By screening both N and E 
genes, false-negative results occurring in consequence of a mutation 
may be minimized. Although there were five false negative results with 
this assay, these samples weren’t completely lost, as all five samples 
were positive for at least one specific SARS-CoV-2 gene. In the case of 
marginal samples, according to the manufacturer, samples likely contain 
a low copy number of SARS-CoV2 and resampling or retesting should be 
performed. 

In addition, we also compared the performance of PCR assays to two 
POCTs. ICPA assays compared to RT-qPCR assays have a significantly 
shorter HoT (~25-minutes vs less than 1 min). However, in our exper
imental settings, the sensitivity of the ICPA assay was only 43 %; thus, 
this method of detection is not able to completely replace RT-qPCR kits 
in the first-line diagnosis of SARS-CoV-2. Despite these shortcomings, in 
the case of laboratory overload, the application of this method at first- 
line treatment centers may be beneficial while awaiting the RT-qPCR 
results. It should also be noted that since the finalization of the con
ducted experiments in this study, the manufacturer has produced a novel 
kit available on the market, which may have higher sensitivity based on 
our preliminary testing. 

The other POCT compared in this study was an immunochromato
graphic antigen assay, whose main advantage is its short HoT and run
time, requiring 10− 15 minutes for the detection of SARS-CoV-2 
antigens. Based on our data, BIOCREDIT COVID-19 Ag tests are not 
reliable for SARS-CoV-2 antigen detection from virus transport medium, 
as only 3 positive samples were identified out of the 37 PCR-positive 
samples. Since nasopharyngeal swabs were immersed into VTM and 
only a small amount of VTM is required for the assays lysis buffer, this 
poor clinical performance may result from a significant dilution (a total 

Fig. 1. Heatmap of Ct values by PCR assay. 
Of the 119 nasopharyngeal samples, 65 were positive by at least two PCR assays. The diagram shows the Ct values of the screened genes by the different RT-qPCR 
assays. Black bars represent undeterminable Ct values. Five results of DNA technology, four results of 1copy and 21 results of Charité were considered marginal. 

Fig. 2. Number of positive samples with each kit, depicted on a Venn-diagram.  

Table 3 
Hands-on time and assay runtime with the examined assays.  

Method HoT (minutes)1 Assay runtime 
(minutes:seconds) 

Genesig Coronavirus (COVID-19) 
Real-time PCR 

Average = 26.05 
94:00 95% CI =

24.17–27.92 

1Copy 
Average = 52.1 

95:41 95% CI =
48.34–55.85 

DNA-Technology 
Average = 23.5 

96:43 95% CI =
22.27–24.72 

Charité Primer-Probe sets 
Average = 26.625 

91:07 95% CI =
25.4–27.85 

Ustar Isothermal Amplification < 1 79:00 
BIOCREDIT COVID-19 Ag rapid 

test 
< 1 10− 15  

1 In the case of PCR assays, the hands-on-time was measured for the prepa
ration of 96 samples. In the case of the isothermal amplification and the antigen 
rapid test, HoT is measured for 1 sample. 
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of 20-fold dilution) in the kit’s dilution tube. This is further supported by 
the findings of CK Mak et al., who reported that rapid antigen tests had a 
much higher clinical sensitivity when nasopharyngeal swabs were 
directly transferred into the dilution buffer (Mak et al., 2021). 

In summary, multiplex RT-qPCR assays are the cornerstone of the 
laboratory diagnosis of SARS-CoV-2; however, “all-in-one” kits based on 
amplification that significantly reduces HoT and speeds up the clinical 
decision-making process might serve as an alternative method. 
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